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Same charge – no need for charge 
compensating defects.
O---O bond distance of ~1.47 Å
O---O bond stretch 878 cm-1
Water – H2O
Hydrogen peroxide– H2O2
There is also the superoxide ion to be 

















Forms a <111> peroxide
Positive energy, therefore 
difficult to form (although 
lower than all other defect 
energies!).
CaO
Forms a <110> peroxide or 
a <111> peroxide. Positive 
energy, therefore difficult to 
form – similar to MgO.
SrO and BaO
Forms a <100> peroxide 



















Peroxide the most 
preferable form (orientated 
in the <111> direction 
displaced towards the 
(½,½,½) interstitial site .
ThO2
Similar to CeO2. Large 
potitive energy indicating a 
low concentration of peroxide 
defects (lower than any other 
intrinsic defect in ThO2.
UO2
Forms an interstitial defect 
as expected.



























DFT Calculations using standard GGA 




















• Then finely ground powders of BaZrO3 and SrZrO3 were 
treated in 30 wt% H2O2 solution for 150 hours.
• Predicted bond stretch of 996 cm‐1 for BaZrO3
980 cm‐1 for SrZrO3
Raman of BaZrO3 and SrZrO3
O-O 
stretching 
mode
Raman of SrZrO3 after H2O2 Treatment
870 cm-1
H2O2 adsorbed 
on surface
1000 cm-1
Simulation 
suggests O22-
ion
New Peaks
Papers
Summary
• The dominant defect in group II monoxides is the peroxide ion. 
Decomposition of BaO2 to go to BaO with temperature agrees well 
with experiment.
• Excess oxygen is accommodated by peroxide ions in CeO2 and ThO2
but not UO2.
• Transport is limited by bond breaking with Oi intermediary.
• Excess oxygen predicted to be accommodated in BaZrO3 and SrZrO3
by peroxide ions, for lower Fermi level values.
• Activation energies again ~0.8 eV, similar to Vo mediated.
• Raman on treated and un‐treated zirconate powders predict 
formation of BaZrO3+x and SrZrO3+x.
• Further work: peroxide in Al2O3.
